Abstract: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with an increased risk of death compared to general population. Although previous studies showed improvement in survival of SLE, the long-term prognosis has not been elaborated in China.
INTRODUCTION

S
ystemic lupus erythematosus (SLE) is a kind of chronic multiorgan involved autoimmune disease which can be severe and fatal. With earlier diagnostic approaches and more appropriate treatment strategies, the survival of SLE has improved dramatically in last 50 years. 1 The meta-analysis in 2012 demonstrated that the long-term survival had been improved between 1950s and 2000s, increasing from 74.8% to 94.8% for the 5-year survival and from 63.2% to 91.4% for the 10-year survival. 2 However, the risk of death for SLE patients are still 2 times greater than those of general population (meta-standardized mortality ratio 2.98, 95% CI 2.32-3.83), which has driven further research on long-term survival and specific death causes of SLE patients. 3 Previous epidemiological studies have found that the prevalence and incidence rates of Asian SLE patients were approximately 2 to 3 times higher than those of caucasians. [4] [5] [6] [7] [8] [9] [10] [11] Moreover, the Asian SLE patients were reported with higher clinical severity, significantly higher mean and maximum SLE disease activity index (SLEDAI), increased susceptibility to renal involvement, persistently active disease, and higher proportion of autoantibody positivity than non-Asian SLE patients. 12 Many multiethnic cohort studies also showed that Asian patients are more likely to have severe SLE in many aspects, including increased renal disease, autoantibody positivity, disease activity, and organ damage accrual. [13] [14] [15] [16] China, as the largest country in Asia-Pacific area, was reported with relatively higher prevalence rate as 97.5 to 100/ 100,000 when compared to other ethnicities (generally 20-70/ 100,000). 9, 17, 18 With increasing population in China, SLE is going to cause greater burden in the future. Unfortunately, there is limited information about the overall prognosis of Chinese SLE patients now. Therefore, the aim of this study is to focus on the long-term prognosis of SLE patients to review the pictures of their 5-and 10-year long-term survivals as well as major causes of death in China.
METHODS
Eligibility and Exclusion Criteria
The criteria of eligibility for long-term survival was defined as retrospective or prospective cohort studies of SLE patients who were diagnosed by a recognized criteria such as the criteria of American College of Rheumatology (ACR) in 1982 or 1997, with report of the long-term survival rates (5-or 10-year survival rate) measured by Kaplan-Meier analysis. The criteria for major death cause of SLE was defined to include all the studies with death-cause information in which those SLE patients were diagnosed by a recognized criteria such as the criteria of ACR in 1982 or 1997, without limitation in the types of studies. In addition, the studies that only included a special subgroup of SLE patients (such as early onset, late onset, lupus nephritis, etc.) were excluded due to their low generality.
Literature Search
We searched the literatures published in MEDLINE (OVID 1946-January 2015), EMBASE (1980-January 2015), WAN-FANG (1998-January 2015), CNKI (1994-January 2015), and SINOMED (1978 ( -January 2015 . No special search software was used. We also hand searched the references of selected literatures, related textbooks, and consulted with professionals. For the unpublished research and papers that we could not find full texts, we also tried to contact with the authors. The search terms were as follows: SLE, prognosis, follow-up, survival, mortality, China, Chinese, Asia, Taiwan, Hong Kong, and Han. No language or publication status restrictions were imposed. We took the following searching flowchart used in MEDLINE (OVID) as an example: 
Study Selection
Study inclusion and eligibility assessment were conducted by 2 reviewers independently. Disagreements during the process were discussed by the 2 reviewers and then determined with a third reviewer.
Data Collection Process
We designed a data extracting chart according to the Cochrane Handbook as well as the demands in this study. In order to refine the extracting chart, the pilot test was done by 5 articles randomly chosen from all the included studies. Two reviewers independently extracted information from the included studies. The differences were discussed by them together and ultimately determined with a third reviewer.
Data Items
Information were extracted from all included studies on characteristics of the patients, including total patient number, gender proportion, average age of disease onset, average age of death, and course of disease; type of treatment if available; 5-and 10-year survival rates by Kaplan-Meier analysis; and major death causes and counts.
Assessment on the Quality of Studies
For meta-analysis of long-term survival, to assess the quality of studies, a 10-score scale was designed based on the scale used in previous publications, which was also used in formerly published meta-analysis of observational studies on SLE. 3, 19, 20 This scale contains 5 items counting with 0, 1, or 2 points: sample type (no definition ¼ 0, clinic-based sample ¼ 1, community-based sample ¼ 2); information of defaulters (not mention ¼ 0, only rates of lost to follow-up ¼ 1, elucidation of both rates and reasons of lost to follow-up ¼ 2); diagnosis of SLE (nonvalidated criteria ¼ 0, other validated criteria ¼ 1, the criteria of ACR for SLE ¼ 2); methods to confirm death (not given ¼ 0, predefined but nonvalidated criteria ¼ 1, predefined and validated criteria ¼ 2); time of exposure to SLE (<5 years ¼ 0, 5-10 years ¼ 1, >10 years ¼ 2). Two independent reviewers completed the quality assessment, respectively, and a third reviewer helped to determine when disagreement appeared. The studies that were !7 points were classified as high-quality studies, and the rest were regarded as studies with low quality.
Statistical and Bias Analysis
Survival rates were extracted directly from Kaplan-Meier analysis or curves. The logit model was used to transform the extracted rates. Then, the pooled logits were calculated and transformed back into survival rates for better interpretations and shown in forest plots. Sensitivity analysis by omitting each study was conducted if there was heterogeneity across the studies. The potential publication bias was examined via funnel plots and Egger regression tests. The R project was employed for statistical computing.
In order to picture the cause of death for SLE patients in China, the studies were classified into 3 groups in order to show the general situation in different time. Group I included all the studies with SLE patients observed by the year 2000. Group II included studies that involved SLE patients since 2000 or after, and others were in group III. The deaths were accumulated, and the percentages of different causes of death in total, group I and II, were calculated. All numerical analysis and graphics were performed by SPSS 19.0.
RESULTS
Search of Study
A total of 8052 papers were initially spotted out, 7681of them were excluded by title screening for no relation with survival or death causes. During abstract viewing, another 302 studies were excluded. Finally, 69 papers were remained for full-paper evaluation, and only 39 were fit for our selection criteria and contained all the information we needed to extract. Among them, 5 studies contained enough survival information for meta-analysis. There were 36 studies in total that were suitable for cause of death analysis. The process was shown as flow chart in Figure 1 .
Study Characteristics
There were 5 studies included in meta-analysis of longterm survival with high quality, involving a total of 4469 SLE patients. [21] [22] [23] [24] [25] The characteristics of these studies were shown in Table 1 . In addition, 36 studies were involved in death-cause analysis, of which 2 studies were cohort studies used for metaanalysis of survival, and others were case series from different hospitals. A total of 2179 death cases from 1950 to 2013 were reported in these included studies.
The Overall 5 and 10-Year Survival Rates We conducted sensitivity analysis by omitting each study to find the potential source of heterogeneity. The study by Wu et al (2014) accounted for more heterogeneity than other studies, but it did not make a great difference in survival rates when omitted it. 21 After retrospective reviewing on these studies, we found the study by Wu et al had a relatively shorter period of follow-up. Moreover, even though this study was a prospective study that involved a larger group of patients, it presented a relatively higher proportion of defaulters (about 37%). All of these might explain the reason why the survival rates in the study by Wu et al were relatively lower than the other studies. Limited by the study number, we were not able to conduct metaregression analysis to further assess the source of bias.
Publication Bias Analysis
The funnel plots for the 5-and 10-year survival rates were both generally symmetric.
Death-Cause Analysis
A total of 36 studies were involved for further analysis of major death causes of SLE (see Table 2 ). Among them, 19 studies were classified in group I, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] 6 studies were in group II, 42, [44] [45] [46] [47] [48] and 12 studies were included in group III. 23, [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] Among them, the study by Fei et al was both in group I and group II because it provided information from different times. Figure 4) . Apart from all these causes, each of other causes led to less than 1% of the deaths, such as liver involvement (0.5%) and cancer (0.7%), etc.
DISCUSSION
Although with the limitation of the number of included studies and heterogeneity existed across the studies, this study gave us rough pooled long-term survival rates for SLE in China, 94% for 5-year survival rate and 89% for 10-year survival rate after disease onset from 1995 to 2013. A prospective study from 1995 to 2010 in a Danish community reported similar cumulative survival rates as 93.6% and 86.5% for 5-and 10-year survival rates, respectively. 60 In 2012, Mak et al published a meta-analysis for global trend of SLE from 1990s to 2000s and reported 92.67% to 94.79% for pooled 5-year survival rate and 88.08% to 91.41% for 10-year survival rate, which were similar with our results. 2 The study by Mak et al also found that the pooled survival rates of Asian studies (88% for 5-year survival rate and 84% for 10-year survival rate) were relatively lower than those of Europe (93% for 5-year survival rate and 91% for 10-year survival rate). Apart from less advanced medical technology, more severe clinical manifestations and poorer prognosis might have contributed to the gap of survival between Asians and Caucasians. 15, 61 However, most of the Asian studies included in the meta-analysis by Mak et al were before 1990s and some of recent studies were not covered, so that the pooled survival rates were poorer than those in our study. In 2014, Thomas et al reported that the top leading death causes of SLE in France between 2000 and 2009 were CVD, neoplasm, infection, cerebrovascular disease, respiratory disease, and renal disease. 62 The cohort study in Canadian also found the similar order of major death causes. 63 However, our results showed a higher proportion of infection, fewer of CVD, and higher percentage of lupus encephalopathy, which were different from those in former studies.
Remarkably, we found that infection was the top 1 cause of death among the SLE patients in China. The infection of Chinese SLE patients was positively correlated with the use of prednisone and immunosuppressive agents, so more aggressive treatment for SLE may play an important role, which might be associated with severer disease and higher disease activity for SLE in China. 64, 65 CVD was no more than 20% of the death causes in our results, even combined with cerebrovascular disease. Latest reports on the burden of CVD have not found ethnic differences among the general population in different countries, [66] [67] [68] so the relatively low level of CVD could be associated with SLErelated conditions. Lower dose steroids combined with less aggressive immunosuppressive agents were reported to increase the risk of carotid plaques in SLE patients, so aggressive control of the disease may help reduce the risk of CVD. 69, 70 Thus the aggressive treatment in China, high dose of steroids and prevalent use of immunosuppressive agents, might be the key factor for the relatively fewer deaths of CVD, and on the other hand, contributed to the increase of infection. In addition, prospective cohort studies have shown that hydroxychloroquine can help reduce LDL-C levels and protect from CVD. 71, 72 In this case, additional use of antimalarial in maintenance may assist in not only reducing infection but also preventing from CVD in the future.
Our results implied that there might be more deaths of lupus encephalopathy in Chinese SLE patients. The percentage of neuropsychiatric lupus in a Chinese cohort was about 4.8% to 12.2%, a little lower compared to about 20% to 40% in other SLE cohorts. [73] [74] [75] [76] However, the proportions of acute confusional state (18.7%) and seizures (30.5%) in this paper were much higher than other published studies (3.7% and 8.3%, respectively). 75, 77, 78 Another 2 cohorts in Asia (Hong Kong and Thailand) also reported relatively higher proportions of acute confusional state (14% and 11.2%) and seizures (28% and 54.1%). 79, 80 Although these results were related to more severe course of inpatients, it did indicate that they partly contribute to the higher proportion of death for lupus encephalopathy in China, and even in Asia.
In our study, pulmonary involvement is one of the major death causes for SLE. Pulmonary involvement is more common for SLE compared with other connective tissue diseases, whereas is with mild manifestations in most situations. 81 However, several critical complications, rare but with high mortality rates and predictive for poor prognosis, might cause death and are often ignored by clinician, including pulmonary arterial hypertension (PAH), diffuse alveolar hemorrhage (DAH), and interstitial lung disease (ILD). 82 The Chinese SLE Treatment and Research group (CSTAR) registry, the first multicenter registry in China, has reported prevalence rates of PAH and ILD as 3.8% and 4.2%. 76, 83 Unlike western patients, the most common reason for connective tissue disease (CTD)-associated PAH in Chinese is SLE (49%), and the mortality rate is markedly increased compared to general SLE patients. 84 ILD, including acute lupus pneumonitis and chronic interstitial pneumonitis, contributes to poor long-term prognosis for SLE patients. 85 For DAH, which is even rarer (prevalence rate about 1.4%-1.9%), was reported to have mortality rate as high as 62% to 66.7% in China, 82, 86 similar with that in a Korean study (61.9%) . 87 After all, we should pay more attention to these diseases for Chinese SLE patients.
The heterogeneity across the studies in survival rate analysis was the major limitation of our study. Besides the number of studies and the study by Wu et al, baseline characteristics of patients and wide spectrum of treatment strategies should be the major contributors for heterogeneity. In addition, more case series were included in death cause analysis of SLE, so we just accumulated the results of different studies, neglecting the possible difference of different clinic cohorts and the background treatment strategies.
CONCLUSIONS
The condition of SLE is improving now in China. Our results showed a comparable general long-term prognosis to other ethnicities. However, the proportions of death causes were a little different with other countries, which might be related to ethnic differences and the more aggressive treatment strategy in China. After all, the next step for the rheumatologists in China should be on seeking for the reason to cause ethnicity for SLE in China, the balance between treatment and potential impacts, and alternative therapies to further improve long-term survival. 
